Sambucus nigra L. berries have been traditionally used as culinary and medicinal ingredients. To ensure the highest quality of elderberry plant products for consumers, the objective of this study was to develop a HPLC fingerprint procedure for quality consistency evaluation of S. nigra berries obtained from various herbal manufacturers in Poland. The HPLC profiles of thirteen batches of elderberries showed more than sixty peaks in each chromatogram, including fourteen well-resolved common peaks. Four of these were assigned to caffeic acid, syringic acid, myricetin and quercetin. Based on the chromatographic profiles of all the samples, the reference HPLC fingerprint and similarity values were calculated by Matlab 9.1 software. Quantitation of phenolic compounds (flavonols and phenolic acids) revealed that the S. nigra samples with the highest quantity differ to a small extent with regard to the mean content of phenolic compounds. On the other hand, in batches of elderberries with lower similarity values, higher differences in the mean phenolic compound content were observed. The results of hierarchical cluster and principal component analyses showed that samples classified into one group are associated with a similar chemical composition, reflected in fourteen common HPLC peaks and similarity values. Chromatographic fingerprint combined with quantitation of plant bioactive compounds and unsupervised data analysis techniques can be a useful and efficient strategy for monitoring the quality consistency of elderberry fruits.
It is well known that the culinary and medicinal applications of elderberry are derived from its characteristic chemical composition. Compared with other common fruits and vegetables, elderberry is among the richest in total phenolics and anthocyanins and consequently has a strong antioxidative capacity [5, [10] [11] [12] . It also contains essential oils, free fatty acids, flavonols and their glycosides (e.g. rutin, hyperoside and quercetin), phenolic acids, flavonols, carotenoids, vitamins and minerals [1, 6, [13] [14] [15] . Polyphenols, including flavonols and phenolic acids, exhibit important physiological functionalities and have been implicated as beneficial agents in a multitude of diseases [7, 16] . These compounds are also relevant to the quality of plant-derived foods and medicines [17] .
Several factors influence the chemical composition of fruits and vegetables. Firstly, it depends on genetic and environmental factors, the technological treatments applied during postharvest storage, as well as on the processing and storage of the processed products [17, 18] . Thus, quality assessment of plant-derived raw materials and end products is an important issue, yet a screening of the literature data reveals that there is still a deficiency of reliable methods for quality consistency evaluation of plant-derived food products. However, in recent years the chromatographic fingerprint in combination with chemometrics has been used as a rational and practical analytical strategy to assess the authenticity, quality consistency and stability of Hawk-tea [19] , kiwi and pomelo fruits [20] , Korla pear [21] , and cornflower honey [22] . With this in mind, the aim of this work was to develop a reliable HPLC procedure for quality consistency evaluation of raw elderberry materials obtained from herbal manufacturers in Poland and used for culinary purposes. A literature screening also showed that the content of anthocyanins in elderberries is well recognised, but information on the main nonanthocyanin phenolic compounds, such as flavonols and phenolic acids, is still scarce. Therefore, for the purposes of this study, a nonanthocyanin fingerprint and HPLC procedure for quantitation of the main flavonols and phenolic acids were investigated and a reference chromatographic fingerprint established based on complete HPLC profiles of S. nigra berries and HPLC quantitation of six phenolic acids and four flavonols present in the berries under study. Fingerprint analysis combined with quantification of phenolic compounds and chemometric techniques (hierarchical cluster analysis and principal component analysis) can provide a powerful tool for quality evaluation of elderberries for consumption on the commercial market.
A systematic analysis of the raw S. nigra samples was carried out to choose the appropriate solvent and the most effective method of extracting the highest number of identifiable and quantifiable compounds. As reported in the literature, methanol, ethanol, aqueous methanol and aqueous ethanol are often used for such extraction of bioactive compounds from plant material [23, 24] . Therefore, in this study the type of solvent (methanol, ethanol), solvent concentration in water (40, 60 and 80%, v/v) and extraction time (15, 30 and 45 min) were examined to extract the highest number of compounds present in elderberries in the highest yield. As shown in Figure 1 , methanol was found to be the most effective solvent for extracting the phenolic compounds in question. Additionally, HPLC profiles of extracts obtained with methanol and aqueous methanol show more peaks than those extracts prepared with the remaining extractants. The relationship between extraction yield and extraction time is shown in Figure 2 . The results show that all the phenolic compounds were extracted in the maximum yield within 45 minutes. Prolonged extraction did not significantly increase the quantity of phenolic acids or flavonols. Thus, methanol was found to be the most effective solvent for extraction of the bioactive phenolic compounds from S. nigra berries within a 45 minute period.
HPLC conditions were optimised to obtain optimal chemical information and to obtain chromatograms with the best separation of adjacent peaks, which would be suitable for quantitation of the bioactive compounds under analysis. For this reason, different mobile phases under various gradient elution modes, column temperatures and detection wavelengths were tested to enhance the resolution, restrain the ionization of flavonols and eliminate peak tailing of the compounds. The mobile phases consisting of methanol-water and acetonitrile-water systems with some modifiers including acetic acid (0.5 and 1.0%, v/v) and trifluoroacetic acid (0.05 and 0.1%, v/v) were optimised. As expected, there was no distinct difference between the methanol-water and acetonitrile-water systems. Because of the high toxicity and high cost of acetonitrile, the methanol-water system was preferred, and acetic acid (1.0%, v/v) was added to improve the peak shape. Satisfactory separation was achieved within 85 minutes by gradient elution using HPLC conditions as described in the experimental section "HPLC analysis".
The effect of column temperatures, 25, 30 and 35°C, on the separation process was also tested. Most of the peaks in the HPLC chromatograms were well resolved at 35°C. Thus, this temperature was chosen as the column temperature for the fingerprint analysis. Detection wavelengths at 280, 254 and 360 nm were selected to compare the number of peaks and their separation. Finally, the wavelength was set at 280 nm, since more peaks had been obtained at this wavelength than at 254 or 360 nm. In order to generate a reference chromatographic fingerprint, three independent series of methanolic extracts for thirteen batches of elderberry listed in Table 1 were analysed by HPLC. The reference fingerprint shown in Figure 3 revealed over sixty peaks in the chromatogram, the majority of these being satisfactorily resolved. The peaks found in the chromatograms of each batch of elderberry were labelled "common peak". Thus, fourteen common peaks were observed within the retention time between 5 and 57 minutes. Four common peaks with numbers 5, 7, 13 and 14 (caffeic and syringic acids, myricetin and quercetin) were identified by comparing retention times with reference times.
The most characteristic of these, peak 12 (an unidentified flavonol, probably quercetin 3-glucoside [11, 13] ) with the highest and most consistent intensity of all the chromatograms, was chosen as the reference peak to calculate the relative retention time (RRT) and relative peak area (RPA) for each common peak. The average values of RRT and RPA for all elderberry samples show that HPLC profiles were generally consistent, though the intensity of some peaks and numbers of peaks differed in some samples. The RPA values express the quantitative relations among the chemical components in the HPLC profiles of the samples and therefore these data were used to establish pattern recognition in elderberry fingerprint analysis.
The RRT and RPA values also ensure the validity of the proposed method for batch-to-batch quality consistency evaluation of S. nigra berries [25, 26] . The precision was calculated from six replicate analyses of randomly chosen samples of elderberries carried out on the same day (intra-day study) and on three consecutive days (inter- day study). The variation of fourteen common peaks expressed as relative standard deviation (RSD) did not exceed 1.50% for RRT and 3.21% for RPA for the intra-day study, and 2.01% for RRT and 4.92% for RPA for the inter-day study. This validates the quality of the HPLC measurements used for fingerprint study.
Chromatographic fingerprints of methanolic extracts of elderberries are shown in Figure 4 and correlation coefficients (similarity values) in Table 1 . These data show that similarity values varied within the range of 0.9589 to 0.7443. According to Ding et al. [27] , a similarity value higher than 0.9500 would suggest that the sample quality was relatively similar to the standard group. In other cases, the sample quality was different from the standard group. In this study, the batches numbered 4, 6, 7 and 12 have the highest correlation coefficients with the reference chromatographic fingerprint, above 0.9220. The values for the next group of samples ranged between 0.8817 and 0.8187, whereas HPLC fingerprints of the remaining batches (numbered 2, 5 and 8) have low similarity values of 0.7715, 0.7443 and 0.7761, respectively. These results indicate that the chemical composition of elderberry samples varied, both for batches originating from the same manufacturer and for those obtained from different producers. Hence it follows that elderberry samples are similar as far as constituents are concerned, with a considerable difference in contents resulting from the environmental conditions and postharvest treatments [17] . The optimised HPLC procedure was used for quantitation of phenolic compounds in the elderberries. A validation report according to the requirements of ICH [28] shows that the calibration curves reflect a good linearity with correlation coefficients higher than 0.9924 within the range of 10-100 µg/mL of each analyte. The LOD and LOQ for the phenolic compounds were lower in value at 1.40 and 4.56 μg/mL, respectively. Intra-day and inter-day precisions for the phenolic compounds under investigation were calculated as RSD and fell within the range of 0.02-1.06% and 0.33-1.33%, respectively. In the case of testing stability, the RSDs were lower than 4.0% for all the quantified compounds. In brief, the HPLC procedure developed with UV detection is precise, accurate and sufficiently sensitive for simultaneous quantitation of bioactive phenolic compounds in S. nigra samples.
The results of the determination of six phenolic acids (gallic, chlorogenic, caffeic, syringic, p-coumaric and ferulic) and four flavonols (rutin, myricetin, quercetin and kaempferol) in elderberries are summarized in Table 2 and presented in Figure 5 . In general, these results are consistent with the literature data, but some differences found in the concentrations of phenolic compounds are probably due to various extraction conditions [1, 11, 29] or morphological parts of elderberry [29, 30] were used for analysis. For example, rutin and quercetin were quantified in extracts from S. nigra berries, the former after pressurized extraction with 80% ethanol [11] and the latter by using methanol containing 1% HCl and 1% 2,6-ditert-butyl-4-methylphenol [1] or pre-extraction with supercritical carbon dioxide [31] . Selected phenolic acids were determined in the flowers [31] and bark [30] of S. nigra extracts. In the latter case, phenolic acids were released from their complexes by acid, alkaline and enzymatic hydrolysis of aqueous extracts from the bark.
ANOVA was applied to verify if phenolic acids and flavonols differed significantly in their levels of elderberry and the batches of S. nigra berries in their phenolic compound profiles. The non-parametric Kruskal-Wallis test was used as a post hoc analysis at a significance level of p≤0.05. The results indicate that variables characterising phenolic compounds have a significant influence (p<0.0001) on the differences in the phenolic acid and flavonol content of elderberries. The calculations indicate that the mean concentration of kaempferol differs significantly from that determined for all phenolic compounds with the exception of p-coumaric acid, myricetin and quercetin. By contrast, the mean content of ferulic acid differs from these compounds and additionally from kaempferol. The mean level of myricetin bears no similarity to either caffeic or chlorogenic acid contents.
The ANOVA also shows that no significant differences were found among batches of elderberries in their phenolic compounds profile (p>0.9372). Hence, the high similarity of the HPLC profile of the sample studied to the reference chromatographic fingerprint cannot be viewed as evidence that the sample is characterised by the highest levels of phenolic components. It does mean, however, that elderberries classified into one group are associated with similar relations among the contents of chemical constituents. For example, no phenolic compounds were found in the highest quantity S. nigra samples which demonstrated the highest similarity (samples no. 4, 6, 7 and 12). The results compiled in Table 2 show that these samples differ to a smaller extent in respect of the mean content of phenolic compounds. On the other hand, higher differences in the mean phenolic compounds content were found in batches of elderberries with lower similarity values. For instance, two samples (nos. 8 and 9) obtained from Flos/Mokrsko (manufacturer) and described by low Table 1 . similarity values (Table 1 ) had the highest contents of p-coumaric acid and the lowest contents of caffeic acid. Additionally, sample no. 5 with the lowest similarity of all the S. nigra berries analysed was characterised by the lowest levels of caffeic and syringic acids and the highest levels of gallic and chlorogenic acids, as well as kaempferol. Sample no. 11, i.e. the richest in the compounds analysed, contained the highest quantities of syringic acid, rutin, myricetin and quercetin.
Chemometrics (unsupervised data analysis techniques), hierarchical cluster analysis (HCA) and principal component analysis (PCA) were applied as visual ways to verify the structure of the data, i.e., to observe if the data set contained groups of elderberry samples with similar profiles or if outlying samples were present [32, 33] . The results of HCA are shown in Figure 6a , from which the quality characteristics can be derived more clearly. Taking Sneath's index into consideration, the elderberries could be classified into three main quality clusters at 66% of the maximum distance. Cluster I includes three batches, purchased from different manufacturers, with numbers 5, 9 and 13 characterised by low similarity values of 0.7443, 0.8498 and 0.8187, respectively. The remaining batches of S. nigra with low quality consistency as compared with the reference HPLC fingerprint form cluster III, which could be divided into two subclusters. Subscluster A encompasses two batches (no. 2 and 8) with lower similarity values than those of batches no. 1 and 3 grouped in subcluster B (Table 1) .
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By contrast, samples characterised by the highest similarity values ranging between 0.9220 and 0.9589 (no. 4, 6, 7 and 12) form cluster II in the central part of the dendrogram. This cluster also includes two discriminate batches no. 10 and 11, with similarity values of 0.8522 and 0.8498, respectively. Both batches were obtained from the same producer, Dary Natury/Koryciny. The implication is that the areas of fourteen common HPLC peaks in these samples are close to the analogous peaks of four high quality samples.
The scatter of elderberry batches derived from PCA is shown in Figure 6b . Since the first three principal components, PC1, PC2 and PC3 displayed more than 48% of the variability, the PCA score plot could be presented in the form of a three-dimensional space. This indicates that the samples may be classified into two main groups, as regards location of the S. nigra samples along the PC1 axis: one located above the value of 0.5 on the PC1 axis with the other below. The former group (I) includes batches no. 4, 6, 7 and 12 characterised by the highest similarity values and differing to a lesser extent in the mean contents of phenolic compounds, whereas samples with lower similarity fall into the latter group (II). Both groups are also distinguished by the PC3 axis -high quality samples are localised in the range of positive PC3 values, while those characterised by lower quality are found at the negative PC3 values. The remaining two samples (no. 2 and 11) also belong to group II, but differ from this group in their PC3 values.
The results of HCA and PCA are compatible with the similarity values calculated with the entire HPLC profiles. Furthermore, these results show that samples classified into one group are associated with similar chemical composition reflected in fourteen common chromatographic peaks. Therefore, a reliable assessment of quality consistency of commercial S. nigra samples can be additionally supported by quantifying the fundamental bioactive components in the samples under investigation.
In conclusion, a combinative method based on the reference HPLC fingerprint, quantitation of some phenolic compounds and chemometrics was developed as an efficient strategy for monitoring the quality consistency of commercial elderberry samples provided by different manufacturers. As far as the authors are aware, this is one of the first studies in which quality consistency of plant-derived food products has been evaluated through the methodology outlined above. The strategy developed could be successfully used for routine quality consistency evaluation of S. nigra batches, partly because HPLC equipment with UV detection is commonly available in chemical laboratories all over the world. Moreover, from the economic point of view, the UV detector is the most universal model, and can be employed to monitor chemical constituents in plant extracts with satisfactory precision and accuracy. Application of the UV detector has the addition benefit of making the analysis more cost-effective. HPLC fingerprint supported by results of phenolic compounds (phenolic acids and flavonols) quantification and chemometric analysis (HCA and PCA) indicate that the quality consistency of elderberries is related to their chemical composition. This study has also proved that reference HPLC fingerprint can be generated by a standard software Matlab instead of the professional counterpart known as Similarity Evaluation System for Chromatographic Fingerprint of Traditional Chinese Medicine, which is not commonly accessible.
